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Since its development about two decades ago, piezoresponse force microscopy (PFM) has emerged as a powerful tool for investigating the electromechanical responses of various materials on a nanoscale. Especially, conventional single-frequency PFM enables us to visualize the structures of nanoscale ferroelectric domains and their switching dynamics under application of an external electric field, leading to numerous breakthrough in our understanding of ferroelectrics.
However, the single-frequency PFM has an intrinsic limitation in the selection of its operating frequency for measurements.
If the contact resonance frequency is used as the operating frequency, natural amplification of the PFM signals can be obtained, giving rise to high a signal-to-noise ratio. However, the contact resonance frequency is sensitive to the elastic property of the tip-surface junction; thus, severe topographic cross-talk cannot be avoided in the single-frequency PFM. The band-excitation method was developed by Oak Ridge National Laboratory (ORNL) to overcome these problems. In this article, I will introduce the band-excitation PFM method. I will also introduce general-mode (G-mode) PFM, which was recently developed by ORNL and will allow deeper investigations of the properties of materials on a nanoscale using the analyses of big data. [14, 15] 고체 산화물 연료전지 [16, 17] 등 에 너지 관련 물질을 연구하는 데에도 널리 이용되고 있다.
끝으로 오크리지 국립연구소에서 최근 개발한 G-모드 PFM [18] 에 
